For the past four years extraordinary efforts have been put forth in California to reduce the number of ground squirrels. Any observant person who spends much time in the portions of the state where these efforts at control have been most active (see fig. 20 )) cannot fail to learn that squirrel poisoning is one of the most heatedly discussed subjects connected with the out-of-doors. My own interest in this problem was aroused after visits to many of the localities concerned had demonstrated to me that the situation has developed into a really serious one-even more serious than the most partisan protestors have realized.
counties.
With the perfection of the organization for scattering the grain, the amount of ground covered was being enlarged each year. This increased amount of activity, resulting in the covering of many millions of acres with poisoned grain, gave a much better opportunity to study the effects of the poisoned grain upon wild life than was afforded on any of the preliminary trials or even during thorough studies on small areas where conditions could not be expected to represent the whole area.
The present analysis is based upon observations of the effects of this poison in every part of the area and covering the whole period of this late campaign. The examples represent nearly every type of ground and of season. Although they do not represent every' acre they do include practically every type of situation concerned in squirrel control there.
These observations, then, provide a basis which is much more sound than any that has been available previously for the study of this problem.
Practically all the persons whose reports have been used live on the ground where the observations were made. They have had, as a rule, a long and intimate acquaintance with the animals concerned and with the other conditions involved, such as climate, native and cultivated vegetation, the local problems of all sorts which affect agriculture, and with all the commonly used methods of rodent control.
Moreover it should be emphasized that these statements do not represent biased statements of personal opinion. Very few of these men have any trace of sentimental prejudice in favor of any kind of wild animal.
In fact, many of them hold the opinion that squirrels should be poisoned even if every other wild animal is killed.
Some notion of the extent of the present activity in animal destruction may be gotten from a consideration of the amount of the poison distributed.
In fifteen of the counties the amount of thallium-treated grain used in only one year, 1929, averaged 40,641 pounds, and in one county as much as 119,057 pounds was distributed.
In addition, each of these counties carried on special activity ' in squirrel control by other methods such as have been in use for many years.
During 1928, 7,739,070 acres of land in the state were treated for ground squirrels (Ninth Rept. Calif. Dept. Agric., 1929).
Out of the total of over 2,000,OOO pounds of poisoned grain used, 602,728 pounds were thallium treated.
In the following review of observations, each paragraph represents the important facts learned from one person.
In nearly every case, I have been given the evidence orally by the person who made the observation, or I have seen a statement signed by the observer.
In addition to the number of animals found killed by squirrel poison and the name of the species, localities and dates are usually given. When the observer knew the kind of poison used it is indicated by a letter (T. for thallium, S. for strychnine).
Other significant comments by these persons are added in a few instances. The name and address of the person who furnished any particular item of information can be furnished upon inquiry to the writer. Alameda County.-About 100 individuals of Lewis woodpecker, California woodpecker, Nuttall woodpecker, red-shafted flicker, California jay, and Brewer blackbird; section northeast of Sunol; spring, 1927 and 1928; poisoned barley and oats. After an earlier campaign for squirrel control between Sunol and Pleasanton, golden eagles went to nearby ranches and made depredations on lambs. carried off by the birds.
Even a dog was
At one ranch as many as seven eagles were shot in this one season and the species was greatly reduced in that vicinity.
Previously, when ground squirrels were available for food as many as four nests of eagles were known near this ranch and no damage to domestic animals was detected.
Many ). Up to the past year ranchers had poisoned squirrels with strychnine obtained from the county officers. Also the section foreman scatters poison to protect the railway embankment. This year so many dead birds were found that there was much discussion. Next, the ranchers, who had made game refuges out of their places, became alarmed.
Meanwhile the birds, which during the dry season had gone to the river for water and had picked up the grain sown from a hand car, had disappeared. Also, all fur-bearers are gone from this locality.
One Lots of doves; in foothill country; late spring and early summer; hulled barley. "Birds and rabbits have been found dead every year after poisoned barley was used on ranch near Mist.
Have complied with poisoning request for the past ten years and each year have noticed, and others have also, that many kinds of birds, rabbits and skunks are found dead. A quail is not easily found because when it becomes sick it will hide and die. Birds that live in trees are most generally found because they drop on the ground. Quail have been protected on this ranch of 800 acres for the past ten years, but they are decreasing very rapidly.
It must be the poisoned grain and not hunters in this case." Particular flocks of quail disappeared or were greatly reduced after thallium was placed out, but, in these instances, no dead birds could be found. Thought that animals crawled into brush to die. The hunters in this district have been unable to find quail this year (1930).
Merced County.-Thallium has been used almost entirely in this county within recent years. In 1930 special efforts were made to cover the whole county consisting of about one and onequarter million acres. Officials think that coyotes are being reduced in number to an easily appreciable degree due to squirrel poisoning operations.
Eighty dead geese of five kinds: Cackling, Hutchins, Canada, White-fronted, and Snow; around Lake Yosemite; December 1, 1930, to February 1, 1931. "Grain was f,ound in the gullets of several of these birds. Yosemite Lake is resorted to as a loafing ground for geese that feed all over the general territory."
Sixty dead and dying geese along one mile of shore line at Lake Yosemite; December 10. 1930. This instance revorted bv P. A. Shaw in Outdoor Life (67. 1931, p. 42) 'who continued, "I have since been informed that ten to thirty addi: tional geese died each day up to December 20, one report stating that sixty-five were counted on December 20. I believe that 250 to 300 would be a conservative
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Vol. xxx111 estimate of the total fatality. Qualitative tests for thallium by means of the spectroscope were Positive on thirty-two of the geese collected, and the diagnosis of thallium poisoning has now been fully verified by quantitative determination of thallium deposited in the edible tissues. Geese collected on December 18, and examined by another laboratory, indicate that phosphorus was responsible for many of the deaths. It is reported that phosphorus grain was distributed over a large acreage for the ten days preceding December 19. Since two poisons have contributed to the death of geese in the Merced area it is impossible to state which has caused the major damage. However, in so far as this laboratory has investigated, all deaths have been due to thallium." None was seen going south. The exception was one eating on a gopher snake that lay on the highway. On April 28, only the remains of one dead weasel could be found on the same stretch of road. Inquiry of four local residents in the neighborhood elicited the reply that each, in a recent trip over this road, had seen weasels crossing the road. These were the first individuals seen by any of these people for some time. A possible cause for this unusual movement of the weasels was suggested when it was learned that within one or two months previously, several thousand acres, beginning two miles south of this highway, had been covered with thallium-treated grain. One investigator learned that more than 500 valley quail, about 200 cottontail rabbits, more than 400 jackrabbits, many small passerine birds, numerous skunks as well as squirrels and other small animals had been killed.
Evidently, as a result of the depleted food supply, the weasels left the area and traveled northward.
Water surrounded the area on the west, east and south.
San The long series of facts just presented indicate the great variety of animals which lose their lives directly or indirectly from the use of thallium in California. However, they are wholly insufficient for judging the total number of individuals which die in this manner. Although these counts reach into thousands, even for single species, they represent observations on only a small fraction of the whole area treated with poison. The whole number of animals killed must be many times greater than is indicated by the figures given here.
Some additional factors which must be considered in a final solution of the problem of squirrel control are suggested in the following paragraphs.
Among the birds most frequently poisoned, mourning doves take the grain readily, with certain death following. There is loss not only of the adult birds but often also of broods of young or sets of partly incubated eggs. If the poison is scattered in early summer it takes all the birds that have successfully passed many dangers, the breeding stock, and hence it results in a greater loss to the species than if an equal number of birds were poisoned at some other season. If the poison is scattered at a season when these birds are gone, it is likely to result in a lesser squirrel reduction. There is small possibility of exterminating the mourning dove from the United States, but squirrel control continued as in the past four years is almost sure to lead to removal of this bird as a common summer resident in the area marked on the map (p. 93).
Further, it seems probable that any process of restocking of doves from outside areas would be a slow one.
Pheasants appear to suffer greater losses than any other kind of bird on the poisoned areas. Chances for survival of these introduced birds are meager at best, but when thallium-treated grain is scattered on their feeding ground there is no chance for them to survive. Persons interested in the propagation of this bird should select, for stocking, some area outside the range covered with thallium.
Valley quail are affected by thallium poisoning campaigns, but as yet it is impossible to foresee whether this factor will be sufficient actually to cause the disappearance of the species from the area. It has been definitely established that quail will eat thallium-treated barley, and that they are killed by it. Also, the facts that whole coveys have disappeared from poisoned ground and that the species became so reduced in whole counties as to be not worth hunting have been observed. However, it is certain that during the past two seasons quail have suffered severe losses from other causes, such as cold fogs and rains during the nesting seasons and the long drouths which have reduced the normal amount of food. Another factor which must be considered is that in those places where rodents have been poisoned and flesh-eating animals have not been killed off by eating poisoned carcasses the carnivores constitute an additional hindrance to the maintenance of quail numbers.
Squirrel control with thallium has an important influence upon fur-bearing animals, of the kinds which provide nearly all the income to trappers in California. Those animals most affected are skunk, wild cat, coyote, gray fox, coon, and opossum. All of these will eat the bodies of dead animals that have been killed with thallium.
The facts reported above show that where ground has been poisoned almost every animal upon which this group depends for food is killed. If these secondary feeders are not quickly killed, their pelts are almost certain to be ruined for fur because, as has been pointed out, the loss of hair is one of the known effects of thallium upon animals.
. Another possibility of which there are examples is that when the food for carnivores (both birds and mammals) is quickly removed these latter animals leave the usual feeding ground in search of sustenance. On such occasions the only places where food can be obtained are the farmyards. The hungry animals, the ones which do not starve, congregate there and thus make necessary another pest control campaign.
All representatives of this group of flesh eaters are slow breeders when compared with the grain feeders which are poisoned first. It is to be expected, then, that once they are removed from the large area which has been affected in California, a long period of years will be necessary to restore them to desirable numbers,-that is, provided the intensive poisoning is not continued. In the latter case there can be no return of carnivores. During this slow period of recuperation, hunting and trapping for fur cannot be profitable in these districts and demands for extra activity in pest control are to be expected, for rodents and vegetable feeders can repopulate an area at a faster rate than can carnivores; besides, the rodents would not be hindered in their increase by carnivores.
Still another point in this connection is that, with continued special activity in this type of pest control, progressively fewer examples may be available to demonstrate the effects of the poison on other animals than the pests. It may be that only the pests will be able to persist.
As to the effects of extensive poison campaigns upon the California digger ground squirrels, it is now recognized by practically all workers that they cannot hope ever to remove this animal from California or to prevent its reinvading small areas whence it has been removed. It has been learned (Jacobsen, 1923, p. 58 ) that in the case of this ground squirrel (Citdus bcecheyi beecheyi) on an area where there had been consistent control for two years or longer "the litters were uniformly larger than on areas where the work had either just been started this year or had been in force for eight or nine months": If this discovery holds in the case of other rodents, there is a possibility that some one or more of these species, which hitherto have been present in numbers that were kept down by the effects of normal factors in their environment, might develop into serious pests.
It has been demonstrated many times in the past four years, in California, that the use of thallium poisoned grain, along with and in addition to the other methods of squirrel killing, will kill great numbers of squirrels. The immediate effect of this poison on the squirrel pest is of' the same sort as upon other kinds of animals. However, it has not been proved that this great reduction of squirrels temporarily has justified the high cost of the poison and of the labor required in placing it. Much of the protestation against its use has come from farmers in the foothill sections where squirrels provide only one of the serious problems confronting them.
Workers on areas where poisoned grain has been scattered often remark that they have never seen any dead animals. This does not mean necessarily that no animals were killed, for in the case of a slow-acting poison there is a, strong probability that most of the poisoned animals will reach hiding places before they die. Also it is not to be expected that these workers will be sufficiently careful observers to discover carcasses other than the most exposed ones.
During the early years of the use of thallium in California, the United States Bureau of Biological Survey attempted to exercise the closest possible control on the introduction and use of this poison. A letter written by the Chief of the Bureau on December 9, 1926, states that "it has been directly through our persistent efforts that the general use of thallium has been prevented and we shall continue to exercise the same,efforts to have this done in the future".
However February, 1931 . These mimeographed instructions contain no hint of any important change in recommended method of procedure from the one that has been followed during the whole period of use of thallium. In other words, there is every indication that the sort of practices reviewed in this report will continue in California, unless checked through public protest. My studies indicate that throughout the period of the intensive use of thallium the county authorities have made a determined effort to follow explicitly the instructions supplied them. There is a remarkable uniformity in the methods employed in the counties where there was greatest activity.
After a careful study of the material mentioned in this discussion, and a consideration of the natural history of each animal concerned and of other related phases of agriculture in California, it is possible to offer some-comments as to future ground squirrel control. Possibilities for the future may be thought of as leading in one of three general directions.
1. The attempt to control squirrels might be stopped altogether. This course has been advocated by some people, but it really does not merit serious consideration.
2. Authorities may develop more and more extensive and more thorough campaigns for artificial "control" of wild life. This leads rather directly to a constant war on all animals except the domesticated ones, and necessitates a certain allowance for loss to these and even to man. Trends in agricultural administration in late years seem to indicate that a large proportion of the leaders in that industry advocate such drastic action as this, but that they have given little thought to the ultimate outcome of such practices.
3. A policy for squirrel reduction may be developed on a different basis of attack from any so far used. Th e aim, instead of being for as much killing as possible would be for as little as possible. That is, an attempt would be made to .reduce the losses to crops rather than solely to kill squirrels. Such a policy would take advantage of as many natural checks upon squirrels as possible, but also, especially on cultivated lands, it would take greater precautions in artificial reduction in order to save as many animals as possible.
Some of the difficulties involved in such a program would be avoided if the squirrel control supervisors and field foremen were required to pass a test in basic knowledge of natural history. In most cases the experience of these men in the field gives all the knowledge of squirrels which they need. What is lacking is an appreciation of the kinds of interrelations which exist between the organisms in the areas concerned. These are not necessarily the same in detail in all localities. 
